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Advances in Formal Models of











Searching is performed in the context of a task and as such
the value of the information found is with respect to the
task. Recently, there has been a drive to developing formal
models of information seeking and retrieval that consider the
costs and benefits arising through the interaction with the
interface/system and the information surfaced during that
interaction. In this full day tutorial we will focus on describ-
ing and explaining some of the more recent and latest formal
models of Information Seeking and Retrieval. The tutorial
is structured into two parts. In the first part we will present
a series of models that have been developed based on: (i)
economic theory, (ii) decision theory (iii) game theory and
(iv) optimal foraging theory. The second part of the day
will be dedicated to building models where we will discuss
different techniques to build and develop models from which
we can draw testable hypotheses from. During the tutorial
participants will be challenged to develop various formals
models, applying the techniques learnt during the day. We
will then conclude with presentations on solutions followed
by a summary and overview of challenges and future di-
rections. This tutorial is aimed at participants wanting to
know more about the various formal models of information
seeking, search and retrieval, that have been proposed. The
tutorial will be presented at an intermediate level, and is
designed to support participants who want to be able to
understand and build such models.
Keywords
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1. INTRODUCTION
In the field of Information Retrieval we have developed
lots of models - mainly retrieval models for ranking docu-
ments. In this tutorial, however, the focus will be on theories
that model the interaction between the user and the system,
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thus examining models of interactive information seeking
and retrieval. These models not only provide insights into
how documents should or could be ranked but also shed light
on search behaviours and how the interface/system affects
such behaviours. Less attention has been paid to such mod-
els but there has been a growing interest in their develop-
ment. However, building such models introduces numerous
complexities and greater appreciation of how people inter-
act with systems. Consequently, developing such models has
been hailed as a (somewhat) grand challenge for Interactive
Information Retrieval [14]. This is because such models are
becoming increasingly important as they form the basis of
many performance measures, provide a better understand-
ing of how people interact with such systems, and enable
more holistic session/task based evaluation.
The tutorial will be composed of two parts: (1) Theory
and (2) Practice. In the theory sessions we will cover how:
(i) economic theory, (ii) decision theory (iii) game theory
and (iv) optimal foraging theory have been applied to In-
formation Retrieval and Seeking. In the practical sessions
we will focus on building various models throughout a se-
ries of activities. The day will conclude with a discussion of
challenges and future directions.
1.1 Introduction and the Economics of Search
In the first session we will briefly provide the context and
motivation for developing formal (by which we mean mathe-
matical) models of Information Seeking and Retrieval (ISR).
To begin, we will discuss and describe various conceptual
and descriptive models of ISR, including Bates’ Berry Pick-
ing Model [13] and the ISR framework proposed by Ingw-
ersen and Kalvero [22], along with other such models (e.g.
[39, 23, 18]). This will provide the background for the tuto-
rial where we point out the limitations of such models and
motivate the need to develop models that are not only de-
scriptive in nature, but predictive and crucially explanatory.
To set the context, we will discuss the qualities of informa-
tion, the poverty of attention, information as a good, and
how information can be valued. This is important because
information seeking is intrinsically embedded within a task.
Following on from this we will review various models based
on economics. In this session we will cover:
1. Information as Good and the Value of Information [37].
2. Optimal Search Behaviour and the Pandora’s Box Prob-
lem [35, 38, 37]
3. Optimal Amount of Information (when to stop and
deciding at the margin) [15]
4. Azzopardi’s Model of Searching (Assessing vs Query-
ing) [3, 5, 9]
5. Cooper’s Model of Searching (User vs System or User
vs User) [17].
6. Cost Models for Querying [10]
7. Cost Model for Relevance Feedback/Find-Similar [10]
8. Cost Model for Result Browsing [11]
1.2 Decisions, Games and Foraging
In this session we will consider two contemporary and
emerging models (based on Decision Theory and Game The-
ory) before discussing models based on Information Foraging
Theory and then showing how all the models relate together.
First we shall show how the PRP can be extended to con-
sider interaction by presenting the Interactive Probability
Ranking Principle [20]. Then we will cover the Card Model
and the POMPD model. Both of these models are derived
from the idea that the user and the system are playing a
game - this leads to game theoretic models. Then, we will
delve into Information Foraging Theory (IFT), which has
become very popular and is often used to motivate experi-
ments, but yet infrequently used in terms of modelling and
prediction. Here, we will focus on the patch model, and
explain the different implications of the model/theory, and
how user behaviour is expected to change under varying cir-
cumstances. We will explain how these implications can be
generated through a graphical analysis (and for the more
math savvy, how they can be analytically derived).
In summary, the topics we shall cover in this session are:
1. Probability Ranking Principle [28].
2. Interactive Probability Ranking Principle [20]
3. Card Model [41, 40]
4. POMPD model [24]
5. Optimal Foraging Theory [34].
6. Information Foraging Theory [26, 27, 30, 31]:
• Information Scent Model
• Information Diet Model
• Information Patch Model
• Charnov’s Marginal Value Theorem [16]
7. IFT Example: Exploration / Exploitation [29, 1]
1.3 A Guide to Modelling
In the third session, we will focus on optimisation mod-
els, in general, how to build such models, and how to use
them to generate hypotheses using various methods (analyt-
ical, graphical and computational) [36, 25]. The essence of
such models is to develop a cost function and a gain func-
tion given the different interactions that users can perform.
Given these functions, it is then possible to establish under
what conditions cost is minimized and/or gain is maximized.
This section will explore the following topics:
• Decision Making and Optimization Models [21, 25].
• Optimality and Rationality [33, 32, 35].
• What choices are available? What are the limitations?
• What are the interactions, costs and benefits?
• What will vary? Parameters?
• Define the problem and the goal
• Construct a cost and gain function
• What method to choose: analytical, graphically, com-
putational
• Solve, plot, compute
• Draw inferences and generating hypotheses
To help illustrate how to undertake the model building
process, we will use an example based on the simple scenario
of finding the first highly relevant document in a result list.
We will describe how we can characterize the problem, enu-
merate the different variables, and show how the different
variables impact the overall cost and the design of the inter-
face. If time permits, then we will also include some notes
on developing simulations to explore such models (i.e., com-
putational approaches).
1.4 Practical Session
The final session of the tutorial will be dedicated to build-
ing models. For example, participants will be given a context
such as a user trying to find an app on a mobile phone or
tablet. The goal here is to find the app that the user wants
to use. So the focus will be on building a cost function to
model the different ways in which the user can find the app,
e.g. search or browse. To add realism to the scenario, we
will consider different types of users, ones that can remem-
ber where the app is, and those who cant (i.e., best and
average/worse cases) as well as consider how screen size and
app icon size can be modelled to arrive at an optimal size
and layout for such interaction. During the practical ses-
sion, participants will be encouraged to abstract away the
details to form a representation of the problem, and identify
the main variables that are likely to influence the interac-
tion (i.e., the number of apps on the phone, the number of
apps per screen page, the cost of moving between screens,
etc.). These will be used to formulate the costs, then we
will be able to reason about when it is better to search for
an app and when it is better to browse. We will also con-
sider alternative designs, such as presenting the most used
apps first, or a hierarchical browsing structure, and whether
they are likely to be more efficient or not, or under what
circumstances.
2. INTENDED LEARNING OUTCOMES
By the end of the tutorial, participants should be able to:
• Define and describe the different types of models;
• Explain the rationale for formal models of ISR;
• Define an optimisation model;
• Describe the main contemporary models;
• Explain and infer the predicted user behaviour given
the contemporary models;
• Design a formal model and generate hypotheses re-
garding user behavior.
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